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[W*^6] tfflB^7^;i/^f£;#©». nrL- }>>TI^ (Newton Descent) ^fe 
*fett^>7^:jt7;i/n(Monte Carlo)^felCj:»J, lulHft:fc^> ^-^^tf*. *7^Ji 

(Bhattacharyya) $:MV^T^^^tl'5=b®"trfe-5 

it S n y ^ A Tb^lHIt ^ ti T V > s SH^^^ T' ^ o T , 
m 7^ — ^ i: L T ffi ;b -r €> - ^ ^* m ^ 7^ . 
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r 5: nt^ mmmii^. 

ttrSB A:^77^- ^ It m -r "5 i^F^ftl . 

ttf SHm^tfc® ^ 5: tali t- s fBis^m i: , 

[0 0 0 1] 
[0 0 0 2] 

JdU, ■eciD'f^*65?&:&^i: bTli, PMC(Parallel Model Combination)^, SS/NS 
S(Spectral Subtraction/Nonlinear Spectral Subtraction)^, SFE (Stochastic 
Feature Extract i on) ^^7b^^ So 
[0 0 0 3] 
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. 3^^E, #•<MV^e>tlTV^S;^^T'S>So SFE^-^tt, SS/NSS^fc I^^IC, 
[0 0 04] 
[0 0 0 5] 

f£i3. SFE^^C•^V^T^i, *#mMA7!)^5felcaj)^ Lit #^^11-133992-^ (#M 
3p9-300979#) ^IC, ^©#lH*^fa«$#lTVA§„ * fc, PMC^, SS/NSS^, J3 
i:tJfSFES®tt|gitii^l*, "H.Pao, H.Honda, K.Minamino, M.Qmote, H 

.Ogawa and N.Iwahashi, Stochastic Feature Extraction for Improving Noise 

Robustness in Speech Recognition, Proceedings of the 8th Sony Research 
Forum, SRF98-234, pp. 9-14, October 1998", "N.Iwahashi, H.Pao, H.Honda, K 
.Minamino and M.Qmote, Stochastic Features for Noise Robust in Speech Re 
cognition, ICASSP' 98 Proceedings, pp. 633-636, May, 1998", "N.Iwahashi, H 
. Pao (presented) , H.Honda, K.Minamino and M.Omote, Noise Robust Speech Re 
cognition Using Stochastic Representation of Features, ASJ' 98-Spring Pro 
ceedings, pp. 91-92, March, 1998", "N.iwahashi, H.Pao H.Honda, K.Minamino 

and M.Omote, Stochastic Represetation of Feature for Noise Robust Speec 
h Recognition, Technical Report of lEICE, pp. 19-24, SP97-97 (1998-01) ^IC 
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[0 0 0 6] 

[0 0 0 7] 
[0 0 0 8] 

[0 0 0 9] 

A:^J5^-^5? SrftimL, Mm^"-^ i:bTm;^j-r<&5^-^iAffi#a^i, m^K^lc 
®^*>(iDV^■rtl*^CJ;oT> m^O^^;i/CD55il^;$:ff e>=E5^;i/3i0#mi:5:<i^ 
[0 0 10] 

2fc|g^cD^5^;i/)i/S7^S«> m^<o^7^;i/icMfS-t'5, m^E^-e^M^tis 

Sriix. -5 ^ h t- -5 o 

[0011] 
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[0 0 12] 

[0013] 

[0 0 14] 
[^^CD|IM®?^ffi] 

o 

[0 0 15] 

-A>fb^2tt, ^<D^^ mM(Dmmmm im:^it. loms 
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[0 0 16] 

t) tmto 

[0 0 17] 

^T'-^^m^cDmm i2Nyu-MKA±) ^HA^yyrVy^'l^. mzizm 

[0 0 18] 

:r > 3 ^ >r ^ > y t e>l§SSx >f >y ^ 4 :7 $ ^ -f ^ > t 

[0 0 19] 
[0 0 2 0] 

#^ft&ffiS5{i, Mx-tf, h;i/ai: LTCDS (3^i^y-rX 
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[0 0 2 1] 
[0 0 2 2] 

;&f^l 1 lC#tJ^$tlSo h^A^^gPl IT'tt, MM'^^ h>n/a5?)^ 

, M^li, FFT (lfij3^-7-U :i:^^) T;i/rr U Xi^lCioT^- l> X^glStl, 

[0 0 2 3] 

(t) ii^-To #^^^h;i/y (t) m<^>i&^i^:^'<^ 

S:x (t) i:, WX®;^/^^ h;i/^i^S:u (t) tm-^o d®^-^, 
Wl^®>^/^^^ h;i/j^^x (t) it. (1) -e^^tiSo 

[0 0 2 4] 

mi] 

x(t)=y(t)-u(t) (1 ) 
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[0 0 2 5] 

^7^-^^ i:L/T<z)i^^y-rxii, mwimmm5Ki^\,^x. j^xm^m-^^is 

[0 0 2 6] 

u (t) <D^w. "^(D^^-^wm^mowMo) J ^ xmM%mi:T[i\z^v!f^nm 

[0 0 2 7] 
[0 0 2 8] 

[1X2] 

//'(i)= 4-Z y(t)(i) 

IM t=l 

I' (i. j)= 4- I (y(t)(i)-|i' (i))(y(t)(j)-/i' (j)) 

N t=1 , . 



r^l^L. /i' (i) ^m^^hJV/t' ® i#g(Z)=i>/K-*> h^r^-t (i 
= 1,2, • • • , M) „ tfe, y (t ) ii) It. ^tyU-2^(DmWi^^ h 
JV(D imM<Dziy^-^>h^m^o se>{c. S' (i, j) li, :$>tS:vhy^' 
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XS' (D. fli^. m j ^ja)=i>7K-:^> h ( j = 1 , 2. • • - , M) 

o 

[0 0 2 9] 

z:rT% ffW»®<B^®fe«)t-. ;^^7>rxjcovNT«, #^^^h;i/y®# 

[0 0 3 0] 

[|5C3] 

l'(i.j)=0.i^j - - - (3) 

[0 0 3 1] 

^:^-'iimmmi 2 ic tiSo 

[0 0 3 2] 
[0 0 3 3] 

^^^^^'^/'^^^-^fcbT. (4) (7) tCDt^^oTtf^^tl-So 

[0 0 3 4] 
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^(t)(i) = E[x(t)(i)] 

= E[y(t)(i)-u(t)(i)] 

►y(t)(i) P(u(t)(i)) 

J.y(t)(i) 
P(u(t)(i))du(t)(i) 
n 



ry^tm) P(u(t)(i)) 



'0 

J.y(t)(i) |-y(t)(i) 
P(u(t)(i))du(t)(i)-r u(t)(i)P(u(t)(i))du(t)(i) 
0 •'0 



.y(t)(i) 
'0 

.y(t)(i) 



J»yvtnij 
P(u(t)(i))du(t)(i) 
0 

u(t)(i)P(u(t)(i))du(t)(i) 

J»y«){i) 
P(u(t)(i))du(t)(i) 
0 



[0 0 3 5] 

M'(t)(iJ) =V[x(t)(i)] 

= E[(x(t)(i))2]-(E[x(t)(i)])2 
(=E[(x(t)(i))2]-(^ (t)(i))2) 

(t)(i. j)=0 • • • (5) 

[0 0 3 6] 
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E[(x(t)(j))2]=E[(y(t)(i)-u(t)(i))2] 



r^itm , P(u(t)(i)) 
= 1 (y(t)(i)-u(t)(i))2 — — du(t)(i) 

r P(u(t)(i))clu(t)(i) 
•'o 



J»y(t)(i) 
P(u(t)(i))du(t)(i) 
0 

/.y(t)(i) 
u(t)(i)P(u(t)(i))du(t)(i) 
0 

+ r^*^^'\u(t)(i))2p(u(t)(i))du(t)(i) 

•'0 

J.y(t)(i) 
u(t)(i)P(u(t)(i))du(t)(i) 
n 



(y(t){i))2r P(u(t)(i))du{t)(i) 

•'0 



(y(t)(i))2-2y(t)(i) ° 



P(u(t)(i))du(t)(i) 

0 

r^*^^'^ (U(t)(i))2p(u(t)(i))du(t)(i) 

J.y(t)(i) 
P(u(t)(i))du(t)(i) 
n 



+ •••(6) 

.y(t)(i) 



[0 0 3 7] 

mi} 



1 



(u(t)(i)-A<'(i))^ 



P(u(t)(i))=- e 

^27r Z'(i. i) • • • (7) 



[0 0 3 8] 

T'. I (t) (i) It. mf7ly-2^iZ^n&^^K^hJV$ it) <Di 
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#g®=i>JK-:^^> h^^-To ^t^. E [] It. [] Pi(D^mm^Mm-t^o X 
(t) (i) tt, :7 U-AlCj3l-j-<2>XcDW^®A'7-X^^ h^Ax (t) 
© i#B<Z)=i>zK-:t^> $e>lC. u (t) (i) it. :^t:7l/-AlC 

u (t) (i) ) it. f$ty\y-h.iZi^\')^nm.J^X(D/'{V-7.^^V^h.<D 

i#g®=i>3}f-4^> h^^u (t) (i) •v^^m.^^m-t. ziz.-^it. mmj 

4X<D^^hLVXiEm^^^^^VX\^^^(DX^. P (u (t) (i) ) it. ^ i 
7) iZ^l^ tc J: oizm^n^ a 
[0 0 3 9] 

^fe, w (t) (i, j) ti, Ht :7 iy-A{cfe{-t-g>:$M6:TF (t) (D. min 
. ^JCD3>JJ<~:^> hSr^-To 3e>lC, V □ it. □ P^^^fC^r^-To 
[0 0 4 0] 

[0 0 4 1 ] 

z (t) = {f (t) , w it) ) (t = i, 2, • • •, T) nm-tii. 
^^^^^:^-^mmmi zit. ^^^^z-^^:^-^ i?hm z= {z (d . z 

(2) , - • • , z (T) } W^^i^g|S6lC-^*&-rSo 
[0 0 4 2] 

6it. mx.it. M=^^mizMf^t^m%mm (#^a'^;*-^z*^mww#^7^ 
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[0 0 4 3] 

wimmmmm2 i - ibm2 i -k, ^^x:fmmmwcmm.^2 i - s ic-gt^^sti 
-So mmm^mmm2i-K (k = i, 2, • • - , k) km®^#^-5=;i/ 

^y. #^ttm^5J^)^^©#^^:^^7^°^^-^z$:5^lS[i:bT. igs[iB9ts:G^ ( 

Z) Srtgm-rs. raB8iS:Slltgp 2 1 - s tt, il«W^5^;i/lcMfS:t-S^W2 

^^^^^^^-ifz^mmnii^x. mwrnmc^ (z) $:?Rmt--5o 

[0 0 4 4] 

W^^^^6-^li, HMM (Hidden Markov Model) ^$:ffiV\T, ^ 

[0 0 4 5] 

, «=b:^®^^^qgi:$tlTi3U, S^^ffiqJJA>^®^te^^^i^I^:^tlTV^S 
„ z:<Z)J:e)lC. y =fo^lC^S^[^ffi^®3l#®^V>^^;i/li, left-to-righ 

t^^v^jvtmtn. =^P^mxit. -mz. left-to-right^7';l/*tMv^e>tl-5o 

[0 0 4 6] 

v^^. HMM® k^^x^r^Sa-r-Sfeib^^-T^;!/?:. k V^•^ 
k^^x^7^;i/li. ^I^Olc^b^^qj^icvN^Ct^ (^il^MSS^) 
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TTjj (qj,) ^ feS^M (:7l/-A) tlC^VNT, 4/^^qilCV>T, f^<D^Mt + 

^mm ifHijmm) (qj) (o iz^^rm^-^n^ (h=i, 2. • • • 

, H) o 

[0 0 4 7] 
[0 0 4 8] 

rzi-eiJ. 3(Z)MlRI«iW, ^SUMIfcGjj (Z) lcj;oT^«?)?jtiSo -t^t) 
MQIiifcGij (Z) li, #^:9-^/N°^^-^f (^3?fJ) Z= {zp zg, - • 

(^3^J) Z= {zp Zg, • • z^) iS^^m 
$ti<5«t^$:^fe<S%®^LT, rj^^ (8) -e^X-^jti-Sc 
[^8] 

Gk (Z) = max TT k (qi) * bk (qi) (zi) • ak (qi, q2) * bk (q2) (22) 

• • • akCqT-i.qr) * bk(qT)(zT) 

... (8) 

[0 0 4 9] 

r:iT% bjj* (qj) (zj) tt, m;f;3b^z jT'^$4xS^^T'^-5i:^(Z)ffiij 
s) (op ICtt, rziT'tt, mX\t. h;b^^±®=3>;K-:^^> hlC 

T'^^ti-s^^-efeet^, m;d?®^bjj' (s) (zp ii, 

(s) ii^s-^-Thu ^^Sj^ (s) hLiz^^xm^-^n^mmmmmwi^^ (s 
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) yi<D^^^m-tmmmmmmp^ (t) cx) $:Mv^T, ^k^iz^^j^^^^ 

[0 0 5 0] 

bk (s) (zt) = / (t) (x) pI (s) (x) dx 

= n P(s)(i)(^ (t) (i). M^WCi. i)) 

i=1 

k=1.2, •••,K:s=qi.q2- -.qT:T=1.2---.T 

... (9) 

•Vit. h^A^ra) (D^i^V:^^. 

[0 0 5 1] 

^tc. ^ (9) lCfeV>T, P (s) (i) (t (t) (i) , W (t) (i, 

i) ) tt, rjJc^ (10) -vm^n^o 

[0 0 5 2] 

mi 0] 

P(s)(i)(^(t)(i).M'(t)(i.i)) 

(/iKfe)(i)-^ (t)(i))^ 
^ 1 2(Ik(s)(i. i) + M' (t)(i. i)) 

.s/2 7r(lK(s)(i. i) + vF(t)(i. i)) . . . (10) 

fej^L, ittjj (s) (i) ^m^^ hJlfii, (s) <Di#B®=/>/K-:?^>h 
l^y. (s) (i, i) :9-iS:vhU^>^2k f$inmi^i<D:ny 

[0 0 5 3] 
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m2 0 0 0 — 2 6 4 0 3 5 
, qj) , iB^X:^miJmmhy^ (qp (O) ICJ:oT^^$4xSA\ :itl^it. 

^mm(D^^y^-^f)^^^^^^ h^v^mmi^. h;I/$:Mv^T, ^ 

[0 0 54] 

ffiqi*^e>^#*^^*-2>®r% ^^^qiic>t*jiS-rs^an^M5i^:ew*u n^n. 
m(o-^mizMjt-t^i^m^mmmit-ty<x o tit, m:^j5S^ii. ^ ( 
9) , (10) fj^^m^fs'^j^^oiz. ^ (t) (i. i) ^oii-t^t. mm.^ 

[0 0 5 5] 
[0 0 5 6] 

04lCMt>. l^MSiS[m^^2 1-k (k=l, 2, • • K) k^^^ 

) . m^mma^ (qj, qp , 33j:tj^m:^5i^b^ (qj) (o) izj:^xm& 
^n^^ (8) (D^saw^G^ (z) ^mmhxisv. #^^Affi^2*^e>®#^ 

4>^7N°^pi-3rZ5:Bli5C^l/r, ^SBKIKG,^ (Z) -^©RiiM (J: 

(Z) ^^g|5 2 2 {cm*i-So ^SmtJtMlt^ 2 1 - 

si±. m^^mm^'rJvmEmi fj^^^^^n^wmv^mmmTc ^ (q,,) , 

^^s ^j) ^ ^J:t>*ffi:^J5S^bg (qj) (O) CcfcoT^^^tlS, ^ 

(8) ©i8S[lMtS[Gjj (Z) i:l^^(Z)^SiJBI^G3 (Z) $:l21»bTfey. 
m^2*>e>®#^^^>'N°^^-^ZS:5I^i:bT, ^SmiKGg (Z) 

[0 0 5 7] 

U2 1- s^n^tiij'^<DmmnGy. (z) (rrr-ii. smg^ (z) $:-^tf 
%(Z)h-rs) lcjt?fbT, (11) lc^t-^^«J^Mv>T. 
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[0 0 5 8] 

C(Z)=Ck. if Gk(Z)=max{Gi(Z)} - • - (11) 

i 

fclEh. C (Z) tt, #^:9'^A°^^-^5fZ7b^M-r-5>^^:^S:^SlI1-S^Sa^f^ 

C^&a) Sr^ff e)MIS[$:^-ro t.r=.. ^ (l l) (D||2^(Z):&aa{C^3t-tSinaxld:, 
^*LlC^<Si!i[«tGi (Z) (fe^U, ^:iT'l±, i = s, 1. 2, - - ■ , K 
) (O9.±m^^-to 
[0 0 5 9] 

^^^2 2tt, ^ (1 1) lcb;tA^oT. ^'^:^$:^^-r-§>i:> -enS:, A:^; 
[0 0 6 0] 

ti^j^ xmm^mTm ^ t n © e) -^©^4^0 j ^ xmmm^T n tc s 

MiSCGg (Z) lCj:oT> W^^^llBlS6^C|B'^$tlTV^-g>4s^W#^7^;^®3il^& 
[00 6 1] 

[0 0 6 2] 

[ilci 2] 

{Fi(y).F2(y). •••.FN(y)} • • • (12) 
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mm^^ {Fj (y) , i = 1, 2, • • • , N) it. mmmmmmiproh 

abilistic Density Function) "C^ U , J!^T> M'^nWi^^PDF t.%m^-t 
[0 0 6 3] 

[0 0 64] 
[fJClS] 

Fs(y)=V(Fi(y).F2(y). •••.FN(y)) • • ' (13) 

t=.-^L. V»MW#^4)-^PDF {Fj (y) , i = l, 2. • • • , M) ^r^s^W 

^^7^;i/F3 (X) ic^^-rsffiiEKifi: (^^Wi5c) T-feSo 

[0 0 6 5] 

■^LT, lte«^^^;V^iiES15 7 tt, Fg (y) lCj:oT, ii^^M^^ 6 *^gH 
[0 0 6 6] 

^^T% MWW#^v=;i/$:*-r«i^i)'^Fg (y) m:^lt. ^i^mff^ ft 
;Vy?:«^i--&3>/K~:^^> h *^Mffll5T'fe-5 MW#^4)-^PPDF 

{Fj (y) , i = 1, 2, • • • , N} (Di^i^mmi^iitMnmnmhrj^^. 

F {Fj (y) , i = 1, 2, • • • . N) li, hlC^^£i;-rS^i^ 

H^m^n-DlEm^mN i/il, Si) ilJSi^o fiiiiF.^ (y) ©spi^MT' 
^»J, ZjliFj (y) (Z)^^^ff^jT'feS. 
[0 0 6 7] 

JSiJiOM^^T, 4ff^W#^7^;i/ffiiEg|5 7 MW#^^^PDF$:ffiv^, 
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[0 0 6 8] 

e>lC. MW^^i^^PDF { F i (y) , i = 1, 2, • • • , N} ^^^T^^O 
[0 0 6 9] 

e>ti-5M7i?c^©#^^^' h;i/y=&, (yi(t),y2(t),---,yjj(t 
) ) hm-t. h;i/ (yj (t) , yg (t ) , • • • . yjj (t) 

[0 0 7 0] 

s (y) XMMEraT„lCfeV>TM?HffStl'&^W#^^^Yp Yg, • 

[0 0 7 1] 
[iJCl 4] 

L^log Pr(Yt.Y2. •••.Yt, •••.Yn | N(//s. Is)) • " (14) 

1 o gtte^*ftS:S:^b, Pr (Yj, Y2. • • - , YjjiN (/i^, 

) ) it. M'^'^m'^'rJVN (At 5, Sg) (=Fg (y) ) M^l^^^:^(0 
^^JYp Yg, • • Yj,,*^Mia!l$4xe?i^S:^-ro 
[0 0 7 2] 

V>^, 4»^#^^^Yp Yg, • • Yjj*^, ^tl^tl3fi5iT'fe^i:t-St 
, ^ (14) (DKSLtt, r^k^T'^-rziilA^T^So 
[0 0 7 3] 
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[^1 5] 

L=logn^Pr(Yt I N(//s. Is)) 

= i log Pr(Yt I N(//s. Is)) • • • (15) 

t=i 



[0 0 74] 

^(15) (*^«^ (14) ©) Rmit. ^®'fil*^:^^V^5g, 

miri)^^. m=&=^m=e^j\y<D-mm it. ^ (i 5) -vm^^^Rmh^m 

Cmi^) lC-r-5M«^^^;i/N (/tg. Eg) ^CJ;oT^fX-^i^V^„ =8^0 
^(15) ®K^L$:«:A:lc-r^^teW^#^7^;i/Fg (y) ^ LTcZ)iE^:0-^N 

(Atg, S3) S:M^-tS¥^Asi::9^tS:S3$:^«)til«v>*v ^® J: 
sil^JJ-ffeSgtt, ^ (14) CDKSLS:, /tg^^^^s'^"^^'^^^^^^^^^ 

45-M^^oici-s=bc?)ii^S7b^e>, ^(16) $r^ifei-^i©iCisi:!0-mSsS:^«?) 

[0 0 7 5] 
[fSCl 6] 

" 8L 



=0 



- • • (16) 



[0 0 7 6] 

33T% ^ (1 6) $:?g:ti-^*^>ttsi::9'tS[Sg^, ^ (1 7) <D^z>izm-t:i 

nn-r^t.. ^ (1 3) iz^n^miEmm i^mmm) ^ (1 7) owisr 

V ^ J: V 2 M ^ ^ 4x *> ® i: -5 o 
[0 0 7 7] 
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[iJtl 7] 



//s=v^(/it. 2:t)| 



N 

t=1 



• - - (17) 



is=vi(//t. it)i;=i 

[0 0 7 8] 

^ (16) ^M<t=.tbiz. m=^nm^^N (/t^, (=Yp ^m^-t^ 

[0 0 7 9] 

mi s] 





U 1 (t) 




■oril(t) 


CTi2(t) 


••fTf.M(t)' 






• 


It= 


Orii (t) 


2 

(722 (t) * * 


2 

• • 0^2. M (t) 

« • « « 


(18) 




• 

.^M(t) 




.crl 1 (t) 


0-M,2(t)-- 


••0-M,M(t). 





[0 0 8 0] 
[0 0 8 1] 



[ilti 9] 



(t) 



0 



It= 



ah (t) 



• • • (19) 



0-M.M(t) 



2 2 
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[0 0 8 2] 



^mnm ^ (20) 0^^izm^:^iit-t^o 





[0 0 8 3] 


m2 0] 






U 1 (s) 












• 
• 



aii(s) crt2(s) o-f,M(s) 

22 2 
a2i (s) Or22 (s) cr2, M (s) 



.cr 11. 1 (s) cr M. 2 (s) ctm. m (s) 



(20) 



[0 0 84] 

_t3^bfcj:e){c. *f^^f^3^it^S^©i:'(R^bTV^-5*^P>, ^ (2 0) © 
. ^:$)^tS:^?3^J2s^*^ ^(19) lcl3t:fS^^i:l^^®7^^T'*Sti§:ii:lc;& 

So 

[0 0 8 5] 
[tJ[2 1] 



o-?i (s) 



0-22(s) 



0 



0 



(21) 



[0 0 8 6] 

::rT% JgAT, Ml:,^ (19) (Z)^^^ic^ff^JS^$:^-r=i>;K-:^> ^®-»^- 
[0 0 8 7] 



2 3 
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mz 2] 



//l(t) 



< 



• • • (22) 



It= 




t = 1 , 2, • • • , N-trfe-So 
[0 0 8 8] 

im^jc. fii^T, jii:. ^ (2 1) ®^4>mfT^J2s^^"^='^^-^^^<^''^ 

[0 0 8 9] 
[f5t23] 



[0 0 9 0] 

^ (1 5) JCfel-t-6MiiP#M^^Yt ( = N (At' ^0 ^ ^ 



//I (s) 



./"i(i(s) 



■< 



• • • (23) 




2 4 
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[0 0 9 1] 
mz 4] 
N 



L=Ilog 



1 



t=i ^{27r)*^^|It+Isl 



|1/2 



•exp 



1 

2 

1 
2 



llog2 TT --i- 1 |Zt+ ^ s|-y{ J" t- i« s)^I t+ 1 s)"Vi"t- J" s) 



1 



N H 



llog27r-f I Il0g(0-S(t)4C7 (s))-|l Z 2/, '2,' 
2 t=i k=i 2t=ik=i ork(t) + crk(s) 



(24) 



^aU. ^ (2 4) ^C^V^T, (S^+Eg) "hi, r^k^T'^^tlS. 
[^2 5] 

/ 1 



^ / Or?(t) + C7f(s) ^ 



o-M(t) + aN(s) 



(25) 



[0 0 9 2] 

^ (24) -e*$tl'5K^L$:. ^ (1 6) tCa^LfcJ;^lC, ^i^yttgil^^^ 

[0 0 9 3] 
Ct5t2 6]. 

aL __N /ik(t)-i/k(s) 



9/'k(s) t=l o-k(t) + o-k(s) 

aL ^ 1 N 1 ^ ^ N (/ik(t)-//k(s))^ 

^acr^(s) 2 t=lor2(t) + c7^(s) 2 t=l(cT^(t) + Or?(s))^ 

• • • (26) 
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-fBb, k=l, 2, - • M-efeSo 
[0 0 9 4] 

^ (2 6) ij^h. ^ (16) S:?ife-t¥^ytts (^^(s), fi^ is) , 
• . /ttjj (s) ) i:, ^fCSg (aj2 (s) . (s) , • • • , a/ (s) ) 

[0 0 9 5] 
[iS[2 7] 

^k(t)-X/k(s) Q 
t=1 0rk(t)+O-k(s) 

N / 1 (/ik(t)-//k(s))^ 

^t=i \aUt) + al (s) ( (t) + o- J (s) )2 

[0 0 9 6] 

rrT% Jg/^T, ^ (2 7) iC^l-J-Sitt^ (t) , ittjj (s) , a,j2 (t) 

, (t ) ®if:7W *y^::^5:^D&fbL> ^ti^tiS:, ^(2 8) ©.k^tc^-r 

[0 0 9 7] 

mz 8] 
//t=i"k(t) 

/is=/^k(s) 

vt =crUt) 

Vs =Or^(s) • • • (28) 

[0 0 9 8] 

^(Om^. ^ (2 7) li, ^ (2 9) C^J:^IC^S„ 
[0 0 9 9] 
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[f5t2 9] 
t=i Vt+Vs 



N 1 ^iUt-Usf 



t?t Vt+V3 ? (vt+vs)2 ° • • • (29) 



[0 10 0] 

^ (2 9) $:^?^-r-Si:, ^ (3 0) ijm^tl^, 

[0101] 
[gi3 0] 

I Ut 

t=1 Vt+Vs 
Ms=-N 



z ' 



t=l Vt+Vs 



IJ"t- 



N //t 

t=1 Vt+V 



s 



N 



1 



N 1 N \ t=i Vt+Vs , 

t=1 Vt+Vs t=1 (Vt+Vs)^ 



[0 10 2] 

(3 0) IC^VAT, fi^^^&>^iZ1ii. v^^^^^Smt)^^^ff^^ 
fe-5lC&:feoTti, nn- h>TI^ (Newton Descent) ^>-7^:^;i/ 

n (Monte Carlo)^^S:MV><5r i:7b^-e^So 
[0 10 3] 



2 7 
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[0104] 

ISIW^^^^F^ (y) (=N (itt^, ) *^#«?)^tl, X'rv:fS2\zm^ 

. ^©MW^^iJ-^^^^^J^rMSff-rs^ (15) (Z)K^L$::g::^lC-r-5, ^ (3 

o $e>lC, XT^^y :/S 3 ^C^V^T, X^^y :/S 2-e*i?)e>tlfc:$^tS:Vg$:MV^, 

^ (3 0) \zht^i^-=>x. -eUT, :^7^^y:/S4icii*^ 

m&^ti^jEM^^^ (/ig, Vg) lc*f/S-f ^^smiJcGg (Z) 

W^^^^e (04) ©^Srjg5|jt?tW^2 1- s©^SrMi5[*^JgiT^tiT, ^a-S 

[0 10 5] 

^-t^^K. mm(om%\-At.Lr<DM^^m^^<Dm^ (Fj (y) , i = i, 
2, - - - , N) ^m^v. 't(DUW:m^n^^^^mm(D^^iihx<DiEm,^ 

ifi^, Sg) lCJ:oT, MWW#^7^;i/F3 (y) *>HiT^tlS„ 
[0 10 6] 

W#^5=;i/Fg (y) jb^p,, >'-rxM^aIK^T„^cfcv^Tm^R!I^tbSMW#^t9•^ 

Fj (y) , Fg (y) , - • Fj^ (y) A^MM^ tlS^-^V^ ^r^-TKI^ L 
[0 10 7] 



2 8 
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/ 
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ms 1] 
L=logTTE(Fs(Fi(y))) 



= i log r Fs(y)-Fi(y)dy 



N 

= z 

i=l 



=-l-MNIog27r-f I log(Vs+Vi)— I ■ 

Z ^ i=l ^ i=l Vs+V| 



(31) 



^(31) ^C^V^T, (Fj (y) ) itn^mffM^mV. E () 

^ynpi(Dmmm^m-t^ ^r^. ^ (3i) <Dm2nuiziBi-f^m^(Dm^mmit 

^IC, (3 1) ®||2ff gi&^^ms^f ^W^Rp^rJ^^Fj (y) ( 
:^tS:fT^J S s"^^^ ^ ^ ^^^^ ^ ^ ^ ^ ^ ^ ^ ^ *^ "^^ ^ ^ 

o 

[0 10 8] 

m=^=^m=^7'jv(D^m mm) it. ^ o d 'vm^n^Rmh^Mi<i mi<: 

^*lWW=E7^;i/N (^g. Eg) &MS-rS^i©itts^^^^s^*' ^(3 1)© 
^ (3 2) ^mr^^^i^ fi s^^^"" s (=^s^) S::^«?)tX«mv>3fclc;& 

-So 

[0109] 



2 9 
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m3 2] 



< 



, 9Vs 



• • • (32) 



[0 110] 

^ (3 2) IC, ^ (3 1) ©K^gLSrf^ALTgFS-rSh, ^(33) tf^^^ 

[0 111] 
Cflt3 3] 



[0 112] 

^LT, ^ (3 3) It. ^ (3 4) (D^otZ^m'r^:r.t.f^X^^^. 




< 




- • • (33) 
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m3 4] 



jti Vs+Vj 
~N ITT 



Vs=-^ 



iti Vs+Vj 

/ 

N 

Vsl I 



i=l 



[ V 



1 



Vs+Vj 



N 
I 



1 



i = 1 Vs+Vj 



N 
I 



-u 



i = 1 Vs+Vj 

* 

(Vs+Vj)' 



=0 



(34) 



[0113] 

;i/n 5: M s 3 i: ^ s o 

[0 114} 
[0 115] 

. m^^^^^F^ (y) (=N (m^, ) fj^^f^'bH. ::^^^);^S 1 25C 

^CD^W^^^Q-^^^^^J^rliTHlI-rs^ (3 1) (DRmi^^Mizlz-r^. ^ 

(3 4) (D:^®:vg*v —^'-hyr^m^f=.it'^yiritj)vumiz^'oX^!^^ 

tlSo $ e)lC, X-r^y:/S 1 3 ^CfeV^T, X7=-^y:/S 1 2T'*i!?)btl7£:^tS:Vg 
S:fflV^. ^ (3 4) iCLfc^b^oT. ¥^ gA^^i?) ^ tl-Sc ^LT, X-5^^y::^S 
14JCiii5t, >?.^>y 1 3 -r^i^b^ife^^/isi:. >^-5^y :/S 1 2T-^ibe> 
nferS-tfcVgfcT'm^^nSiEM^^N ifi^, Vg) lc*fjSt-S^S!IM!IS[Gs (Z 
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[0 116] 

li, 01 3 C3t-rJ:e)lC, iE^^^T'feS^##^^^^Fj (y) (=N i/i^, 
) , Fg (y) ( = N (/tg. ) , • • - , Fj, (y) ( = N (/ij,, S 

(/ttg, Sg) iC^oT, ^teig:i|^^cE^;i,Fg (y) j^j^Mir^tl^o 
[0 117] 

iji:LTl±, y T(Bhattacharyya)ggM^, -R^/N^ >^ If (Mahala 

[0 1 1 8] 

A^^^vrmmiz^mt. lEm^mN (/tip Sj) iiN (/ly Sj) i:®^ 

[0119] 
[^3 5] 

dij = ||N(/ii. Ii)-N(it/j, Ij) II 

• • (35) 

[0 12 0] 
[0121] 
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[^3 6] 

dij=||N(/ii. Ii)-N(//j. Zj) II 

= (/ii-/ij/ r\m-m) (ii=Zj) • • • (36) 

[0 12 2] 

^^^Fj (y) iim-tJEM^^N (Aj, 2j) yij^MTSi^J^r^t-teciillC^So 
[0 12 3] 

^rT% *iijg®?^MT'tt, ^(3 5) <DAi(^^vr^m^um-t^>:iiitL 

[0 12 4] 

ilVX(DlEm^W (As. Sg) A^e>, >^>f XMMK^T„{Cl3V%Tlli!l$tvS 

M=^^m^^Fi (X) , Fg (X) , • • Fjj (X) ibmm^ti^m^^^^ 

[0 12 5] 

ms 7] 

I ||N(//i. Ii)-N(jt£s. Is) II 
i=l 

= 4 |,|^i;^+21og^^j+^log^ . . . (37) 

[0 12 6] 

^ (3 7) (DK^L*^«/JMc;&S«-^*v MW^^iJ-^i:, 
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) ^ (3 7) x-m^ti?>RmL^mA^ m^b) ic-tsMW«^-7^;i/N 

) tim^-t^^^fi^H^Wlia^^ii^ ^ (3 7) ©KSLS:, /t ^il^^SC a g^X'^ 

ti'etimwL^ht^mu^^^^oiz-t^^cDiifj^^fj^^. ^ (3 8) 

[0 12 7] 

ms 8] 



dL 



2 

ao-s 



=0 



=0 



• • • (38) 
[0 12 8] 

^ (3 8) IC, ^ (3 7) (DRmi^^f^ALXmm-t^H. ^ (3 9) ;b-#e> 

[0 12 9] 
[fS[3 9] 



N 



i = 1 aj + CTs 



=0 



N 
i=l 



(jU j-Jt/s)' 



^2 ^2 
CJi-CTs 



(o-^+ai)2 a^(o-f+ori)J 



^=0 



(39) 



[0 13 0] 

^bT, ^ (3 9) Id:, ^ (4 0) (Z)J:^lC^?^t-S:i^*^T'^e. 



3 4 
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m4 0] 



Us 




< 




0rs(0ri+<Js) 



• • • (40) 



[0 13 1] 

^ (4 0) ^C^V^T, s -5 IC«. a Sig>SI*^$>S*^ 

[0 13 2] 

[0 13 3] 

, MW#^^^Ft (y) (=N (^t. ) :«)^#«?)e>n, ^5^^y>^S2 2lC 

(4 0) o^Wio^^iiK -=L- h>r^mtt=.it=^y'ri^)\yumiz^^xm^^ 

^m^\ ^ (4 0) lCL:fc*^oT, ¥i^/is*^*«?>e>tlSo ^LT, Xt^^^S 
2 4lCii«^, X7^y:;''S 2 3 T'^fcbtlfe^^Asi:. XT^^y y S 2 2'e^i?)e> 

, ^f^umme (04) ®MJKiJc?gm^2 i-sa)MreiJc*^jgfr^:nT, ^& 



2001-3044812 



4^2000 — 264035 

[0 1 3 4] 
[0 13 5] 

^^-^ m^j-fx) i)mm^nx. #^ttmgi$5fej:t;42WWi^^^;i/ffijE 

[0 13 6] 

•^t\,x^^r=.u=^=^m'^^)uzi^m-t^mmmwiis^M.m-^ti^. m^. 

[0 13 7] 
[0 13 8] 
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[0139] 

$tlTA^e>^S*^i§*&Stl-2>*T'C?)MWEIST s (02) A^;S<^^<^)lC#oT 
[0 14 0] 

i::i5r', MW#^:$>^Fj (y) (=N (/tj. ) S:Mv>fc, Mitm. 

*SW#^^^F^ (y) , Fg (y) , • • • , (y) $:^^lc:^ »; &o T 

So 

[0141] 

icti, y >fXfl{KIE^T nlC felts 3^i^y>rXld:, Wl^^mS^ (®gl$&^Mt 
[0 14 2] 

t^!oT, y-rXMSHE^Tn (02) ICfeltSN^ l/-A^4l^'tl*>?>#ejtl 
S^^^y©MW#^4)-^F^ (y) , Fg (y) , • • • , Fjj (y) li, 5|2^lC 



2001-3044812 



#2000—26403 5 



) f^isimttji^^ 

[0143] 

y) , • • Fjj (y) lcov>T, ^(Dmv^ (:ir-eii. ^^^^KW^® 
[0144] 
[0 14 5] 
[0 14 6] 

M##l^:9-^Fj (y) , Fg (y) , • • • , Fj^ (y) ^mx. r 

[0 14 7] 

:irT% MW#ISi:^^F^ (y) , Fg (y ),•••, Fj^ (y) y-fX 

^^;i/SiEgp 7 mwnu^^M't^iyy^^^X'^^tnt. mwcux^^m^^nwi 

^^F^ (y) , Fg (y) , • • Fjj (y) S:^©* *mv>Sr h 

#-^tCli, 01 6tC^f J:e>lC. ilMT'S)-2>^,W#^^^F^ (y) 

, Fg (y) , • • Fjj (y) ^^^^flT-^^ltC^mLT*^^, 
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So 

[0 14 8] 
[0 14 9] 
[0 15 0] 

r^ic, mmmmm. i5^n'tti^m^^r^m=^=^m'e^;v<Dmmiz'D\,^xmm-t 

So 

[0151] 

mmmmmF (x) ^ (4 d 7!rM (4 3) ic^i-i:e)ic^a-r 

SZlilA^T^So 

[0 15 2] 
[f^4 1] 

F(x) = 0 if x^Qobs • • • (41) 

[|S[4 2] 

F(x2)^F(xi) if X2^xi • • • (42) 

[^4 3] 

f F(x)dx= 1 • • • (43) 
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[0153] 

^ (4 1) ici:u, mmmmmF cx) mmmmQohs^m'^^itoiifjt^ 

„ ^ (4 2) ICckU, «fPMMt5[F (x) tt, ^MK^Qobs^^^'''"^^ 

(x) S^fce^ic, ^^^^Sra 02) Mr5<{Si:% :^^:fe^t^J& 
$^IC, ^ (4 3) {CJ:U, ifPMHilCF (x) li, liMK^fiobgCSo 

ra^Lfc^-^ic. ^®a:9-ffl*u i:j&ssi5fr'fe-5o ^ (4 1) nm (43) 
*^e>, ff^^MiScF (x) it. mx.it. 01 7{c^-rj:e)tc;&So 

[0154] 

z:ix\ :$imm(Dmmx'it. mmmmmp (x) i*, ^^-rs^ (44) ic^t 

F (x) tt, -^(DUti^iE^r^itMoyii^izii. ^t\,f>mm:ti^xmm.^ti^M'^ 
mwi^^KM-t^m3^iii.xi^m-t^o ±t^. mmmmmF (x) ^cd^b*- 
ocDn^ii. ^nibmm.t.Lxmn-^ti^M'^mn^^^mMiiL. 

[0 15 5] 

01 5®ffiiE§|S3 2-ei±, Je^Jt^ck^J&fffPSMmF (x) M=^^Wi^^ 
Fj (y) , F2 (y) , • • • , Fj, (y) i:$:MV^T, m^mzit. ^(4 4 
) iCLfe^^oT, 3iiS^®M«#^7^;i/Fg (y) *^#*?)P,tl-So 
[0156] 
[I5C4 4] 

Fs(y)=V(F(l)Fi(y).F(2)F2(y). •••.F(N)FN(y)) • • • (44) 

[0 15 7] 

^ (4 4) icj:tv«, m=^^m^mif^. ^^wimmmizj&i^^^oi^ifm^^^ 

l^a± $ s ^ i: Tb'? BTti i: s o 
[0 15 8] 



4 0 
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[0 15 9] 

[0 16 0] 
[0 16 1] 

$^ic. :^mm(Dmmx'it. (^m^mzisn^^^tLxm^ti^M'^ii^m^ 

[0 16 2] 

o 

[0 16 3] 
[0 16 4] 

$ tl 3 > tr 3. - ^ CD — ||ig(D?^ffi(Z)^fi^M 3^ b T V ^ -5 „ 
[0 16 5] 



4 1 
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^10 5^ ROM 10 3 lC^«)fB#bTi3< Z:h*^T^So 
[0 16 6] 

fe-2>V>li*;fe:, ZfU^^/^lt. -yUv^-T'^iT^^. CD-ROM (Compact Disc Re 
ad Only Memory), MO(Magneto optical)5=^>f X ^7, DVD(DigitaI Versatile Disc 

), m^^^y^^. ^#^^^u^i:*®y A-7^y;i/fB^^^i i iic, 

So 

[0 16 7] 

:&J3. y^n^^'^Aii, JbKEL^<fc^^Uix-/^'>^;i/SHe^^«ci 1 i*^e>3>tr 

©AXMM&:^L/T, n >t:''^- ^ IC^s^-e^jllUfc U , LAN(Local Area Netwo 

1 0 8T^Mb> i^l(-r€)/\- F7^>r 1 0 5jc-r >x h-;i/-r-5:ih:&^'e^ 

-So 

[0 16 8] 

=l>trcx — ^li, CPU(Central Processing Unit) 10 2 5: f^lt LT V>So CPU 
1 0 2lCli, /^X 1 0 1 5::^L/T, AtBiJ^f ^i-::^. 1 1 0*^g^^$tiTJ3 
t), CPU10 2li, Am;d^>^7ai-X 1 1 0 $::^LT, rL--if tc J; oT, ^ 
-:i?-K^vi7>c.^T'«^$n<5A:^japi o 7*t^f^$ti-5 3i:{c J: Utl^A^A 
^^jStlSi:, -€-4xtCL/;t:A^oT, ROM(Read Only Memory) 1 0 3lC|&^$tlTV^ 
Syny^A^||^f-r<5o feSVNli, ^fc, CPU10 2li, /N- F-T^'f 1 0 

^51 0 8T?^fg$tiTA- F7^>f 1 0 5iz^y:7s F-;i/$tife^n^^^A, 
*feiiF^-f >^i 0 9ica«$ti}tu A-7'?'/;i/fB0^(*ii 1 1 *>e>^*ffisn 

Tv'N— FT^-f:^^^ 10 5 iZ^y:^ h— ;i/$tl^:/n^^AS:, RAM(Random Acces 
s Memory) 1 0 4 ICD- FLTH^f-r-So Z:tltC<j;»;. CPU 1 0 2 li, Jij^bfe^ 
n ^^acD^^fi^lCj: yiff*3tl'&^llS:^?e)o ^LT, CPU 1 0 2 tt, -e^^Q-SI^ 



4 2 



aj|I# 2001-3044812 



#2 000 — 264035 



«g>iltCjSl::^T, Mx.li, Affi;^J-f >^ l lOSr/J^LT, LCD(Liqu 

id Crystal Display) If- m:^J^ 1 0 6*^?>aii7, feSV% 
jim^l 0 8*^e>^IM, $e>icii. 7\- K5^^:;<.^ 1 0 5lci3«^^$i±So 
[0 16 9] 

[0 17 0] 

o 

[0171] 
[^W<Z>M^] 

[01] 

[02] 
[S3] 

m 1 ®#^iAajgi$ 5 <Dmm^£m^m^^-t:fu v ^ sx-fe^o 

[04] 
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[06] 

>^ ^xmmmmT nfj^i^m^n^mwi^^ hj\yy ts^^^mF i (y) ^r^^-r 

[07] 
[0 8] 

«±^ic <fc ^MiiPiiP#^7';i/®^5i/;s®liiEM 0-efe s „ 

[09] 

[01 0] 
[011] 
[01 2] 

[013] 

o 

[014] 
[015] 
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[016] 
[HI 7] 

mmmmmiF (x) ^r^-rsr-^s, 

[®1 8] 

•So 

[i^#©SiW] 

;i/«iEa$, 3 1 mmmmmmmm, 3 2 ^iiEis, 1 0 1 ax, 1 

02 CPU, 103 ROM, 104 RAM, 105 F-T^W :^ ^ , 1 

0 6 mM, 107 A;^;^, 108 m.m3, 109 K^-r:^, 

110 Am*-r>^ >'3i-x. 111 yA-7t>r^fB«&^^*i 
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mm^] mm 

[HI] 



gi 



4n 

~3ir 

















IK 




IP 
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